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Objectives: vocal cord paralysis is considered a rare complication of carotid endarterectomy (CEA), but alteration in voice
quality may be more common. The aim of this prospective study was to evaluate the effect of CEA on voice quality and to
correlate any changes with the extent of the dissection.
Design ± Material ± Methods: thirty-five patients who underwent CEA were divided in two groups, according to the
level of surgical dissection performed. The high-level dissection group was comprised of those patients that required
mobilisation of hypoglossal nerve and division of the posterior belly of digastric muscle. The low-level dissection group
included the rest. All the patients' voices were recorded and analysed digitally before CEA, one and three months after the
operation. Voice data were measured for standard deviation of fundamental frequency, jitter, shimmer and normalised noise
energy (NNE). All patients underwent a laryngeal examination pre- and post-operation.
Results: none of the patients had any vocal cord dysfunction on laryngoscopy. Significant changes of voice quality (jitter,
shimmer, NNE) were noticed in the high-level dissection group (p5 0.05) one month after the operation. Two months later,
the voice changes had subsided, but still significant disturbances remained (jitter, shimmer).
Conclusions: voice-related disturbances are far more common following CEA than is generally believed and, although they
seem to for the most part temporary, they deserve attention. Specifically, high-level surgical dissection seems to be a risk
factor of postoperative vocal impairment.
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It is well known that carotid endarterectomy (CEA)
can result in voice alteration. Hoarseness, voice
fatigue, and loss of high-pitch phonation have been
considered as the problems that this operative proced-
ure may cause.1 According to Liapis et al.;2 motor
speech difficulties are not considered uncommon
complications of CEA, and they are related to various
nerves injuries. The relationship between the surgical
procedure itself and voice changes has not been
totally clarified. The aim of this prospective study
was to evaluate the effect of CEA on voice quality
and to correlate any change to the extent of surgical
dissection.
Patients and Methods
Thirty-five patients undergoing CEA were studied
prospectively. There were 27 men and 8 womenPlease address all correspondence to: A. M Lazaris, 72,
Sevastopoulou str, 11524 Athens, Greece.
1078±5884/02/040344  05 $35.00/0 # 2002 Elsevier Science Ltd. A(mean age 68 years, range 46±79 years). These patients
were divided into two groups, according to the level
of surgical dissection performed. The first group
(group A or low-level dissection group) comprised
27 patients (mean age 68 years), where mobilisation
of the hypoglossal nerve and division of the posterior
belly of the digastric muscle were not needed. The
second group (group B or high-level dissection
group) included 8 patients (mean age 69 years, in
whom digastric muscle division and hypoglossal
nerve mobilisation were needed.
Three experienced consultant vascular surgeons
performed all the operations, under general endotra-
cheal anaesthesia through a medium size Portex tube.
All the surgeons followed the same standardised sur-
gical technique, which was based upon dissection of
carotid artery with the minimal possible injury to
the cranial and neck nerves of the operative field.
Special interest was given to the careful dissection of
the vagus nerve from the carotid artery, especially in
the areas of proximal and distal clamping. Division
of the posterior belly of digastric muscle was done
with the use of cautery after a careful separation
of the muscle from the surrounding tissues. Thell rights reserved.
Table 1. Median values of the coefficients of variations (%) of the





SD F0 14.83 (10.85±24.14)
NNE 8.40 (6.38±15.43)
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ligation and division of the arterial branch of the
external carotid artery that attaches the nerve to the
sternocleidomastoid muscle.
All the patients had a routine laryngeal examination
before and 4 weeks after surgery by a laryngologist.
The examination included an indirect laryngoscopy of
the vocal folds. No endoscopic test (i.e. videolaryngo-
stroboscopy) was used.
From the various means of voice evaluation
described by the Committee on Phoniatrics of the
European Laryngological Society,3 we used only
acoustic parameters of voice assessment. A subjective
estimation of voice quality either from phoneticians or
from the patients themselves was not used, as we
wanted to focus our attention only to objective param-
eters. Voice recordings were performed before opera-
tion, one month after and three months after the
operation. For each recording, the patient was seated
in a sound-treated room with ambient noise less than
50 dB, and asked to phonate a sustained vowel /a/ at
habitual pitch and loudness for at least 4-sec duration.
Three samples of phonation were digitally recorded
on a personal computer through a Shure SM58 uni-
directional dynamic microphone (placed at a 10-cm
distance from the mouth), and an in-line amplifier
Shure FP11.
Voice evaluation was based on acoustic analysis
of the voice samples. Segments of about 2-sec duration
of the three separated voice samples from each record-
ing session were analysed using Tiger DRS, Inc,
Dr. Speech software (Voice assessment). Acoustic
voice-signal data were measured for the standard
deviation of the fundamental frequency (SDF0), per-
cent of jitter, percent of shimmer, and normalised
noise energy (NNE), at 44 100 Hz sampling frequency.
Only similar intensity and steady segments of the
waveform were used, thus minimising variability
due to sampling errors. The best of three samples of
each patient was used for calculation of the various
parameters.
Voice assessment was done in a blind way. First, all
data were gathered. The measurement of the voice
parameters was done in the end-of-data collection by
an investigator who did not have access to the
patients' operation records.
The coefficient of variation of our method was
examined in 8 healthy individuals, 4 males and
4 females. Each individual's voice was recorded
four times in different days, with the same way that
our patients were examined. The median value of the
coefficients of variations of this group was considered
as the coefficient variation for each of the acoustic
parameters used in this study.Statistics
For the statistical analysis we have used non-param-
etic techniques (Wilcoxon signed ranks test). The sig-
nificance level of p5 0.05 (two-sided) was chosen for
the interpretation of the results.
Results
None of the patients had any vocal cord dysfunction
according to the postoperative laryngeal examination.
The coefficients of variations of the four parameters
used are shown in Table 1. They vary from 8.4%
(NNE) to 15.31% (Jitter).
The median values, the lower and the upper quar-
tiles as well as the interquartile ranges for the acoustic
voice parameters tested (jitter, shimmer, SDF0, NNE)
of the two patients groups before, one month after and
three months after the operation are presented in
Table 2.
One month after the operation, change of voice
quality was found only in group B. In group A (low-
level dissection group), none of the acoustic param-
eters examined was found to have a statistically
significant difference postoperatively. In group B
(high-level dissection group), the perturbation of fre-
quency (jitter) was increased from 0.13% preopera-
tively to 0.18% one month after the operation, which
is statistically significant (p-value 0.008). Similarly,
the perturbation of amplitude (shimmer) was statis-
tically increased from 2.18% to 2.84% (p-value
0.008). Last, glottal noise (normalised noise energy,
NNE) was also increased from ÿ12.08 dB before the
operation to ÿ6.64 dB one month after the operation,
which is also statistically significant (p-value 0.008).
Three months after the operation, the voice changes
had subsided in both groups, but still, in group B a
significant difference in certain acoustic parametershad
remained. In group A, none of the acoustic parameters
had a statistically significant difference compared to
their preoperative value. In group B, although the
median values of all parameters declined, compared
to the results of the first postoperative month, thereEur J Vasc Endovasc Surg Vol 24, October 2002
Table 2. Statistical analysis (Wilcoxon signed ranks test, p-value two-sided) of group A (low-level dissection group) and group B
(high-level dissection group).
Before operation After 1 month p-Value After 3 months p-Value
Median Range Median Range Median Range
Group A (n 27)
Jitter (%) 0.23 0.19±0.28 0.21 0.11±0.42 NS 0.22 0.15±0.42 NS
Shimmer (%) 2.00 1.58±2.99 1.88 1.05±3.88 NS 1.82 1.12±2.75 NS
SDF0 (Hz) 1.73 1.33±2.14 1.84 1.48±2.84 NS 1.93 1.43±2.37 NS
NNE (dB) ÿ11.22 ÿ12.98 to ÿ8.30 ÿ12.65 ÿ16.55 to ÿ8.41 NS ÿ11.16 ÿ14.66 to ÿ7.45 NS
Group B (n 8)
Jitter (%) 0.13 0.11±0.22 0.18 0.17±0.30 0.008 0.17 0.16±0.30 0.008
Shimmer (%) 2.18 0.82±2.97 2.84 1.73±4.74 0.008 2.67 1.36±5.00 0.039
SDF0 (Hz) 1.19 0.67±1.70 1.49 1.14±2.42 NS 1.48 1.00±2.36 NS
NNE (dB) ÿ12.08 ÿ15.27 to ÿ7.66 ÿ6.64 ÿ9.59 to ÿ3.79 0.008 ÿ8.73 ÿ13.71 to ÿ6.67 NS
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Fig. 1. Data distribution of jitter (%), shimmer (%), and NNE (dB),
before, one month after, and three months after the operation, in
Group B (high-level dissection group).
346 A. M. Lazaris et al.still remained significant changes in two of the exam-
ined acoustical parameters. Jitter value was 0.17%
(from 0.13% preoperatively), which is still a significant
difference (p-value 0.008). Similarly, shimmer value
was 2.67% (from 2.18% preoperatively), which is a
significant difference as well (p-value 0.039). NNE
value was still a little higher than it was preopera-
tively (ÿ8.73 dB vs ÿ12.08 dB), but the difference was
not significant as it had been in the first postoperative
month (p-value 0.196).
Discussion
Assessment of the human voice is complicated due to
the multidimensional nature and extreme variability
of the physical characteristics of voice signals.4 Never-
theless, there has recently been growing active interest
in the objective documentation and assessment of
voice quality. Among the means proposed by the
Committee on Phoniatrics of the European Laryngo-
logical Society for voice assessment, there are some
commercially available methods that provide auto-
mated analysis for certain acoustic parameters. Per-
turbation measures (in period and amplitude i.e. jitter
and shimmer) as well as the harmonics-to-noise com-
putations (NNE), appear as the most robust measures,
and seem to determine the basic elements of voice
quality.5,6 Although the intramethod variation in
these parameters is not negligible, the methods are
considered as very important in the acoustical evalu-
ation of human voice. The use of analytical parameters
has offered the possibility to make objective quantita-
tive estimations on voice changes independent of
patients' self-estimation.
Jitter expresses the random variations in the peri-
odicity of the fundamental frequency (F0). It is an
indication of pitch variability. Shimmer is an indica-
tion of voice intensity instability. Standard deviationEur J Vasc Endovasc Surg Vol 24, October 2002
Voice Assessment after Carotid Endarterectomy 347of F0 (SD F0) is a measurement of the variability in
statistical sampling of the F0. The available literature
suggests that jitter, SDF0 and shimmer reflect the
rough voice quality, which corresponds to the irregu-
larity of the fundamental pitch and amplitude in the
vocal signal, and may be attributed to changes in size,
shape or stiffness of the vocal folds.7±9 Normalised
noise energy (NNE)10,11 is an indicator of turbulent
noise resulting from air leakage through the glottis
(glottis noise) during phonation.10 It is considered
that NNE is sensitive in detecting the presence of
glottal noise, useful in discriminating pathological
voices from normal voices.10 Pathological values of
NNE are consistent with a breathy voice quality and
are due to incomplete closure of the glottis. Clinicians
should note that all these values obtained differ as a
function of the vocal effort level; thus, record of simi-
lar intensity is essential in obtaining comparable
values.12 In addition, strict recording conditions are
recommended for accurate measurement. In our
study, we only compared sound samples of almost
the same intensity level and all the recordings were
done under the same stable conditions. At the present
time, jitter, shimmer and NNE are proposed to be
computed on a sustained /a/, at comfortable fre-
quency and intensity.3
In our study, we have focused the voice evaluation
in these parametric measures since this is an objective,
non-invasive way of voice monitoring that does not
require any special and complicated training of both
the examiners and the patients. On the other hand,
technical instrumentation and examination method-
ology have been sufficiently tested and applied.4
Voice alteration is considered as an infrequent and
transient complication of CEA that usually recovers
gradually.2 Recurrent laryngeal nerve dysfunction
causing vocal fold paralysis is a well-recognised
cause of voice disturbance. It varies between 2.3%
and 4%.13±16 Injury of recurrent laryngeal nerve can-
not explain our results, as we did not notice any vocal
fold paralysis postoperatively. Another known cause
of vocal alteration can be temporary or permanent
damage of the superior laryngeal nerve. This is related
with the surgical dissection in the area of the superior
laryngeal nerve around the superior thyroid artery.
In this case, vocal fold motility will remain almost
unaffected, and a routine laryngeal examination may
not reveal the injury. However, an injury to the
superior laryngeal nerve alone cannot explain our
results either as we would expect to see voice changes
in both groups, as manipulation of the superior thy-
roid artery is an essential step in CEA. Postoperative
hoarseness can also be found even without any nerve
injuries.14Exposure of the internal carotid artery at the base of
the skull requiring division of the posterior belly of
the digastric muscle and mobilisation of the hypoglos-
sal nerve has been found to cause vagus nerve injury
more often than lower exposures of the carotid
artery.17,18 In our patients, voice abnormalities seem
to be associated with a high surgical dissection level.
Muller et al.18 have come to a similar conclusion in
patients that were operated on because of carotid
intimal dissection, where a high dissection is needed.
The cause may be compression of cervical nerves as a
consequence of the difficult surgical approach.
Another possible cause might be the digastric
muscle's division itself. This could cause a change in
vocal fold motility, and thus postoperative hoarseness.
Hong et al.19 have made a similar observation in
patients undergoing thyroidectomy without laryngeal
nerve injury. They suggest that voice dysfunction can
also be by disturbance of the extralaryngeal skeleton.
Voice-related disturbances are far more common
following carotid endarterectomy than is generally
believed, and although they seem to be by far tempor-
ary in course, they deserve attention. Extensive high-
level dissection during CEA seems to affect voice
quality even in the absence of obvious cranial nerve
injury. This knowledge should make vascular sur-
geons be more careful during this operative proce-
dure. In any case, special interest should be given to
avoid any nerve damage, especially a damage of
vagus nerve, mainly in the areas of proximal and
distal clumping. Although voice change is considered
a minor complication of carotid endarterectomy,
patients should be warned preoperatively about this
annoying event, especially where voice quality seems
important (e.g. singers, teachers, lawyers etc.). Fur-
thermore, the fact of the relation of voice alteration
and high-level dissection of carotid artery could be
considered as a secondary evaluation point of carotid
endarterectomy vs any other less-invasive repairing
methods of carotid stenosis such as carotid angio-
plasty and stenting.
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